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The old-age dependency ratio, which is defined as the ratio of the population age 65 and over to the population age 
between 15 and 64, has been rising in many 
countries all over the world. According to 
the United Nations estimates for the “more 
developed regions,” this ratio is anticipated 
to exceed 30% in 2020 and reach 40% by 
2030, largely as a result of an accelerating 
increase in the aged population. This 
implies that those of working age, and, sub-
sequently, the overall economy, will face a 
greater burden in supporting the aging pop-
ulation. In addition, the demand and trend 
are upward for continued independent liv-
ing, in both more and less developed 
regions. As such, there is a growing interest 
in assisted living technologies that enable 
self-dependent living within homes and resi-
dences for the elderly, in particular those 
homes that will ensure an elderly person 
more years of life in good health.  
Remote monitoring capabilities, such 
as fall risk assessment, fall detection, and 
detection of small changes from pre-
defined baselines in health conditions and 
motor functional abilities of the elderly, 
will address the challenges associated 
with self-dependent living. All of the 
aforementioned capabilities are rooted in 
fundamental signal processing problems 
related to signal capturing, analysis, and 
interpretation.  More specifically, these 
entail signal detection and enhancement 
in the presence of noise and interference; 
signal representation in a domain that is 
conducive to capturing a rich set of fea-
tures for vital signs estimation, human 
activity detection, localization, and health 
and well-being classification; the use of 
single and multiple sensors; centralized 
and distributed data fusion; and change or 
anomaly detection for risk assessments; 
to name but a few. Contributions in signal 
processing for assisted living technologies 
have not only been driven by recent 
developments in signal analysis and inter-
pretation but also important revisits to 
“classical” approaches for exploiting the 
underlying phenomenology and the spec-
ificities of the problem at hand. 
In this issue
This special issue of IEEE Signal Pro-
cessing Magazine (SPM) provides a syn-
opsis of the emerging area of signal 
processing for assisted living, including 
the most recent developments as well as 
interesting open problems at the forefront 
of the current research. The six articles 
demonstrate the role of signal processing 
in addressing key challenges and solving 
pressing problems encountered in assist-
ed living applications related to various 
sensing modalities.
The first article by Bennett et al. pro-
vides an overview of wearable inertial mea-
surement unit-based sensors for ubiquitous 
monitoring of movements and physical 
activities. It discusses associated signal pro-
cessing techniques with a focus on enhanc-
ing accuracy, lowering computational 
complexity, reducing power consumption, 
and improving the unobtrusiveness of the 
wearable computers.
Erden et al. present a survey of signal 
processing methods employed with dif-
ferent types of sensors, including pyro-
electric infrared and vibration sensors, 
accelerometers, cameras, depth sensors, 
and microphones. Their article demon-
strates the need for a sensor network cov-
ering multiple modalities to achieve an 
intelligent home design that enables the 
elderly to live independently. 
The article by Savazzi et al. investi-
gates signal models and processing meth-
odologies for exploiting the multitude of 
available wireless communication links to 
achieve device-free radio vision systems 
to address key challenges in assisted liv-
ing applications. 
Witrisal et al. provide insights into the 
potential of high-accuracy localization 
systems as a key component of assisted 
living technology, and their article dem-
onstrates the ability of  exploiting mul-
tipath and propagation environment 
knowledge to reduce the required infra-
structure and enable robust localization.
Amin et al.’s contribution focuses on 
radar technology and discusses the non-
stationary signal processing techniques 
that play a fundamental role in fall detec-
tion for elderly assisted living applica-
tions. It also reports on some of the 
challenges facing radar technology devel-
opment for fall detection.
Finally, the article by Debes et al. cov-
ers state-of-the-art methods for monitor-
ing activities of daily living to provide 
detection of deviations from previous pat-
terns that can be crucial in identifying the 
early onset of geriatric dysfunctions.
Digital Object Identifier 10.1109/MSP.2016.2514718 
Date of publication: 7 March 2016
Signal Processing for Assisted Living: 
Developments and Open Problems
Acknowledgments
We would like to express our deep gratitude 
to the many individuals who made this spe-
cial issue of SPM possible. We thank all 
authors who submitted proposals and all 
reviewers whose recommendations signifi-
cantly helped in improving the selected arti-
cles. We are grateful to Abdelhak Zoubir, 
SPM’s previous editor-in-chief, and the 
previous special issues area editor, Fulvio 
Gini, for approving this special issue. We 
are also grateful to Min Wu, SPM’s current 
editor-in-chief, for her support. We are 
indebted to Wade Trappe, current special 
issues area editor, for his constant support 
and guidance throughout the reviewing 
process, as well as to Rebecca Wollman 
for her valuable administrative assistance.
About The Guest Editors 
Fauzia Ahmad (fauzia.ahmad@villanova.edu) 
is with Villanova University, Villanova, PA, USA.
A. Enis Cetin (cetin@bilkent.edu.tr)is 
with Bilkent University, Ankara, Turkey.
K.C. (Dominic) Ho (HoD@missouri.edu) 
is with University of Missouri, Columbia, USA.
John Nelson (John.Nelson@ul.ie) is with 
University of Limerick, Limerick, Ireland. 
[2] F. Rusek, D. Persson, B. K. Lau, E. G. 
Larsson, T. L. Marzetta, O. Edfors, and F. 
Tufvesson, “Scaling up MIMO: Opportuni-
ties and challenges with very large arrays,” 
IEEE Signal Processing Mag., vol. 30, no. 1, 
pp. 40–60, Jan. 2013.
[3] F. Boccardi, R. Heath, A. Lozano, T. Mar-
zetta, and P. Popovski, “Five disruptive tech-
nology directions for 5G,” IEEE Commun. 
Mag., vol. 52, no. 2, pp. 74–80, Feb. 2014.
[4] N. Bhushan, J. Li, D. Malladi, R. Gilmore, 
D. Brenner, A. Damnjanovic, R. Sukhavasi, 
C. Patel et al., “Network densification: The 
dominant theme for wireless evolution into 5G,” 
IEEE Commun. Mag., vol. 52, no. 2, pp. 82–89, 
Feb. 2014.
[5] C. I, C. Rowell, S. Han, Z. Xu, G. Li, and 
Z. Pan, “Toward green and soft: A 5G per-
spective,” IEEE Commun. Mag., vol. 52, no. 
2, pp. 66–73, Feb. 2014.
[6] B. P. Bogert, “Demonstration of delay distor-
tion correction by time-reversal techniques,” IRE 
Trans. Commun. Syst., vol. 5, no. 3, pp. 2–7, 
Dec. 1957.  
[7] D. Harasty and A. Oppenheim, “Television sig-
nal deghosting by noncausal recursive filtering,” in 
Proc. Int. Conf. Acoustics, Speech, and Signal Pro-
cessing, Apr. 1988, no. 3, pp. 1778–1781.
[8] M. Fink, “Time reversal of ultrasonic 
fields. I. Basic principles,” IEEE Trans. Ultra-
son., Ferroelectr. Freq. Control, vol. 39, no. 5, 
pp. 555–566, 1992.
[9] B. Wang, Y. Wu, F. Han, Y. H. Yang, and K. J. 
R. Liu, “Green wireless communications: A time-
reversal paradigm,” IEEE J. Sel. Areas Commun., 
vol. 29, no. 8, pp. 1698–1710, Sept. 2011.
[10] N. Guo, B. M. Sadler, and R. C. Qiu, 
“Reduced-complexity UWB timereversal 
techniques and experimental results,” IEEE 
Trans. Wireless Commun., vol. 6, no. 12, pp. 
4221–4226, Dec. 2007.
[11] F. Han, Y.-H. Yang, B. Wang, Y. Wu, and K. 
J. R. Liu, “Time-reversal division multiple access 
over multi-path channels,” IEEE Trans. Com-
mun., vol. 60, no. 7, pp. 1953–1965, July 2012.
[12] Z. H. Wu, Y. Han, Y. Chen, and K. J. R. 
Liu, “A time-reversal paradigm for indoor 
positioning system,” IEEE Trans. Veh. Tech-
nol., vol. 64, no. 4, pp. 1331–1339, Apr. 2015.
[13] J. Vieira et al., “A flexible 100-antenna 
testbed for massive MIMO,” in Proc. IEEE 
GLOBECOM, 2014, pp. 287–293.
[14] G. Lerosey, J. de Rosny, A. Tourin, and M. 
Fink, “Focusing beyond the diffraction limit with 
far-field time reversal,” Science, vol. 315, pp. 
1120–1122, Feb. 2007.
[15] Y. Chen, Y. H. Yang, F. Han, and K. J. R. 
Liu, “Time-reversal wideband communica-
tions,” IEEE Signal Processing Lett., vol. 20, 
no. 12, pp. 1219–1222, Dec. 2013.
[16] Y. Chen et al., “Time-reversal wireless 
paradigm for green Internet of Things: An 
overview,” IEEE Internet Things J., vol. 1, no. 
1, pp. 81–98, Feb. 2014.    SP
PerSPectiveS (continued from page 24)


































SigPort.org Do you know? Your colleagues archived the slides of their signal processing work on IEEE SigPort. 
